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Abstract 

ZnO nanocrystals were prepared and the 
crystalline size, morphology and optical properties of the 
synthesized ZnO nanocrystals were done by X-ray 
diffraction (XRD), scanning electron microscope (SEM) 
with EDXA, TEM and UV-Visible spectroscopy. The 
photocatalytic activity of ZnO nanocrystals were analysed 
using Congo Red dye with UV light irradiation. The 
optimization of various operational parameters like pH, the 
initial concentration of Congo red dye solution, UV 
irradiation time, the photocatalyst dose on the 
photocatalytic degradation to achieve high degradation 
rate of Congo Red has been performed. It is optimized that 
at pH= 8, catalyst load of 75mg/50ml and UV irradiation time 
of 90 min for maximum dye decolourisation. The Kinetic 
study of photocatalytic degradation reveals that the 
degradation follows pseudo first- order kinetics according 
to the Langmuir- Hinshelwood equation. 

Keywords: Photocatalytic degradation, Congo 
Red, ZnO nanocrystals, Langmuir-Hinshelwood 
equation. 

1. Introduction 

The explosion in population, industrialization 
increase the production and discharging of wastewater. 
The wastewater from textile industry with organic dyes 
into the water sources causes water pollution [1-4]. A 
various techniques are applied for removal of synthesized 
organic compounds from wastewater, such as 
coagulation, membrane separation, chemical and 
electrochemical process, and adsorption [5], Each 
method having its own limitations. Recently Advanced 


Oxidation Processes (AOPs), which contain a set of 
physico-chemical treatment methods used as a promising 
process for environmental remediation. 

In this work we focused on the preparation of an 
efficient, and eco-friendly photocatalyst materials for 
degradation organic compounds from waste water. 

2.Materials 

The zincoxide photocatalyst was prepared by wet 
chemical method using zinc aceatate and sodium 
hydroxide as starting materials and precipitate formed 
was filtered and washed many times with water to remove 
impurities and annealed at 250° C in a muffle furnace. 
The prepared ZnO nanocrystals were characterized by X- 
ray diffraction (Rigaku D max-C) with Cu Ka radiation 
(1.5406 A). The surface morphology and composition of 
the synthesized ZnO samples were determined by using 
scanning electron microscope (SEM with EDXA, Sirion). 
The optical absorption spectra of ZnO nanoparticles were 
recorded using a UV-VIS spectrophotometer (JASCO V- 
570) [6], Photocatalytic decolourisation experiments were 
performed using specially designed home made UV 
chamber equipped with UV bulb of 8W (Philips) .The 
absorbance values after irradiation were measured using 
UV-Visible spectrophotometer (Systronics 119); pH 
meter (Elico) was used to adjust the pH of the solution. 

In the present study the congo red dye was used 
as model organic pollutant to estimate the photocatalytic 
activity. The solutions of different concentrations were 
prepared from the stock solution of dye. The required pH 
of the solution was altered by the addition of 0.1 N 
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hydrochloric acid and sodium hydroxide solutions. All 
laboratory reagents used were of analytical grade. 

3.Characterization 

To identify the crystal structure of the ZnO 
nanocrystals X-Ray diffraction analysis have been used. 
Fig. 1 shows the X-ray diffraction pattern of the ZnO 
nanocrystals prepared using 0.5 M and annealed at 250 
°C temperatures. The results of XRD showed that the 
prepared ZnO nanocrystals are hexagonal wurtzite 
structure and it does not contain any characteristics 
peaks other than ZnO peaks, which confirm that the 
synthesized nanocrystals are pure. The diffraction peaks 
at 20 (degree) of 31.98, 34.57, 36.25, 36.39, 47.7, 56.7, 
62.9, and 68.51 are respectively indexed to (100), (002), 
(111), (101), (102), (110), (103), and (201) planes of ZnO. 
They are in good accordance with the JCPDS card No. 
36-1451. The average grain size of the samples was 
calculated by Scherrer formula, D=O.89A/(pCos0), where 
A is the wavelength (Cu Ka), p is the full width at half¬ 
maximum (FWHM) and 9 is the diffraction angle [3], 



Two theta (deg) 


Figure 1: XRD pattern of ZnO annealed at 250 °C 



Figure 2: SEM image of ZnO annealed at 250 °C 


Figure 2. indicate the SEM image of ZnO nanocrystals 
prepared using 0.5M and annealed at 250°C. From the 
SEM image it was identified that prepared sample are in 
nano in size. 



Figure 3: EDXA spectrum of ZnO annealed at 250 °C 


Energy Dispersive X-ray analysis (EDXA) spectra 
showed that the prepared ZnO sample contains only Zn 
and O elements no other impurity elements were detected 
which is depicted in Figure 3. So, the synthesized sample 
are pure in nature. 
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4. Photocatalytic activity 

To 50ml of dye solution, Zincoxide nano 
photocatalyst was added and suspension was irradiated 
under UV light. The aqueous suspension was 
magnetically stirred throughout the work using magnetic 
stirrer. At prefixed uniform time intervals small quantity of 
samples were taken out with the help of a syringe and 
then filtered. Then absorbance values of centrifugate 
were measured at 497nm and decolorization efficiency 
was calculated [6], The results of photocatalytic activity 
were recorded by varying the pH of the solution (pH 2- 
10), concentration of dye (10-50 mg/I) and catalyst 
loading (50mg-300 mg/50ml) for Congo red. 

Photocatalytic decolourisation of Congo Red dye 
under UV irradiation 

The photocatalytic decolourisation of the direct 
anionic dye, Congo Red in aqueous solution using 
Zincoxide photocatalysts under UV light irradiation in a 
own designed photoreactor. To optimize the effect of the 
different important parameters such as dye solution 
concentration, pH, photocatalyst dose for the 
decolourisation of dye, UV irradiation time on the 
decolourisation of dye were carried out. 

4.1. Effect of initial dye concentration 

The effect of initial dye solution concentration on the 
decolourisation was studied by varying the concentration 
of dye from lOmg/L to 50mg/L by keeping other 
parameters as 100mg/50ml of ZnO nano photo-catalyst 
under UV light and neutral pH. The absorbance values 
were measured in the wavelength of 497nm using UV 
spectrophotometer (Systronics) [7], 

The results are shown in Figure 4. The rate of 
decolourisation decreases with increase of congo red dye 
solution concentration. After UV irradiation 70.36% 
decolourisation was observed for dye solution of lOmg/L 
at 75 min and for 50mg/L shows only 33.5% 
decolourisation in the same time interval. It is possible 
that the initial concentration of dye solution increases, the 
light penetration to the photocatalyst surface decreases 
due to presence of high concentration of dye molecules. 
So there is a decrease in the number of dye molecules 
getting exited. But there is increasing the number of 
photons absorbed by the photo catalyst in lower 
concentration. Hence at high concentration lower 
decolourisation is observed [8], 



Figure 4: Effect of initial dye concentration 

After 30 mg/ L the decolourisation percentage 
was not at all appreciable, so, for further studies 10 mg/L 
was fixed as optimum dye solution concentration. It is not 
beneficial for industries. Hence 10 mg/L of dye solution 
concentration was fixed as optimum level for further 
studies. 

4. 2 Effect of pH of the dye solution 

Wastewaters discharged with dyes are of 
different pH, so it is very essential to study the effect of 
pH in the photocatalytic reactions. The pH of the solution 
indicates the surface charge properties of the 
photocatalyst. The formation of hydroxyl radicals is also a 
function of pH. To study the impact of the initial pH of dye 
solution on the decolourisation of congo red, the analysis 
were carried out. The rate of decolourisation with 10 mg/L 
of dye solution at different pH was irradiated by UV light 
for 75min and the results were shown in Figure 5. 



Figure: 5. Effect of pH of the solution on rate of 
decolourisation of Congo Red 
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The rate of decolourisation increases from 
0.0474 mg/L/min to 0.1356 mg/L/min when pH is raised 
from 4 to 10, i.e., rate of decolourisation is low in acidic 
pH and increases with increase of pH. Amphoteric nature 
of Zincoxide contributes highly on the surface charge of 
the photocatalyst. The point zero charge (pzc) for ZnO is 
9.0±0.3 [9], Based on pzc, below pH 9, ZnO photocatalyst 
surface is positively charged. ZnO dissolved at low pH. 
Hence, in acidic pH ranges the decrease in the 
photocatalytic activity was observed. In alkaline solutions 
photodegradation efficiency was higher than that in acidic 
solutions is due to formation of more efficient hydroxyl 
radicals in alkaline solution [10],Though pH 10 shows 
high colour removal pH 8 is optimized for our other 
studies to avoid high usage of acid and bases for pH 
alterations. As per World Health Organization most of the 
industries releases basic pH coloured waste water. 
Hence pH 8 is fixed as optimum for further studies. 

4. 3 Effect of catalyst loading 

To optimize the amount of catalyst used for photo 
decolourisation of dye, experiments were conducted 
using lOmg/L of dye solution and catalyst concentration 
varied from 25mg/50ml to 300mg/50ml for 120min of UV 
irradiation. The experimental results reveals that the rate 
of reaction increases when catalyst concentration 
increases from the catalyst load of 25mg/ 50 ml to 
150mg/50ml, and further the catalyst dose of 75mg/50ml 
the rate of decolourisation remains almost constant. 

Further increase in catalyst dose had no effect on 
decolurisation percentage of dyes. The decolurisation 
percentage of dye using 25mg/50ml of ZnO 
nanophotocatalyst is 34.79. It increases to 74.9 when 
catalyst dose is increased to 150mg/L after this catalyst 
dose the decolurisation percentage is decreasing shown 
in Figure: 6. So the optimum catalyst dose for the 
decolourisation of the dye Congo red is 75mg/50ml. The 
photocatalytic degradation of other organic pollutants has 
shown that the catalyst dose is an important parameter 
[11]. This can be explained on the basis that optimum 
catalyst dose is found to be dependent on initial solute 
concentration, because, When increase the amount of 
catalyst, total number of active surface area increases, so 
high number of active sites also available on catalyst 
surface. The higher dose of catalyst is not useful because 
it develops aggregation or reduces the irradiation field 
due to light scattering. Hence the optimum catalyst dose 


for photocatalytic decolourisation is 75mg/50ml for further 
studies. 



Figure 6 : Effect of catalyst dose 


4. 4 UV Irradiation Time 

The time required to attain maximum 
decolourisation was determined by changing the time 
with 10 mg/L dye concentration, pH of dye solution is 
adjusted to 8 using HCI, NaOH solutions with catalyst 
dose of 75mg/ 50 ml of ZnO nanocatalyst as optimum 
level. The results revealed that when time increases, the 
percentage of decolourisation increases from 5min to 90 
min. After that irradiation of UV light source is not 
benefitted for decolurising the dye solution to great extent 
which is shown in Figure. 7. So the optimum time for 
decolourisation of Congo Red is fixed as 90min. This 
optimum time of UV irradiation was used for further 
studies [12,13]. 
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Figure 7 : Effect of UV irradiation Time on dye 
decolourisation 
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4.5. Kinetics of photodecolourisation using 
Langmuir-Hinshellwood model 

Inorder to find the mechanism of photo 
decolourisation of Congo Red by the nano Zincoxide 
photocatalyst the following kinetics have been 
considered. Langmuir-Hinshellwood kinetic mechanism 
were most widely used by researchers to explain the 
photocatalytic decolourisation of dyes [14,15,16], The 
variation of 1/Kapp and initial concentration of Congo red 
is given in Figure 8. It was observed that dye 
concentration decreases linearly related to the elapse of 
UV irradiation time. Based on the Langmuir- 
Hinshellwood mechanism R 2 value (R 2 = 0.9928), the 
decolourisation of Congo red using ZnO 
nanophotocatalyst follows the pseudo- first-order kinetics. 



In heterogeneous photocatalysis of azo dyes, the 
electron-hole pairs will be initially produced by irradiation 
of a semiconductor with a photon of energy equivalent to 
or greater than its band gap width [17], The electrons and 
holes may migrate to the semiconductors on the catalyst 
surface where they take part in redox reactions with the 
adsorbed azo dyes [18], The oxidizing radicals could 
attack the azo dye molecule and disintegrate it possibly 
into CO 2 and H 2 O molecules which are nontoxic [17-19], 

5. Conclusion 

In this work, ZnO nano photocatalyst was 
prepared and characterized and the photocatalytic 
decolorization of congored, was examined. The results 
clearly indicate the importance of the optimum 
degradation parameters to get a high decolourisation 
rate. The L-H kinetics of photodecolourisation of congo 
red dye exhibit Pseudo-first order reaction rate for the 
prepared zincoxide nanocrystals. Photocatalytic reaction 
mechanism was clearly explained. lOppm concentration 
exhibit highest decolourisation under optimized 
conditions. 


Figure 8 : Langmuir-Hinshellwood kinetics 



Figure 9: Mechanism of Photocatalytic activity of 
ZnO nanophotocatlyst 
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